Summary: We investigated the enzyme activity of the blank in the Spectrophotometric determination of alanine aminotransferase activities and aspartate aminotransferase activity. 6 lactate dehydrogenase and 3 malate dehydrogenase preparations from different manufacturers and from different organs showed additional and contaminating activity. The additional activity depends upon the 2-oxoglutarate concentration. The contaminating activity is caused by alanine aminotransferase and aspartate aminotransferase in the auxiliary enzymes. We propose that exact definitions must be given for the auxiliary enzymes in the recommendations of standard determinations for enzyme activities.
In determinations of alanine arninotransferase (i-alanine: 2-oxoghitarate aminotransferase, EC 2.6.1.2) and aspart äte aminotransferase (Z^aspartäte: 2-oxoglutarate aminoträiisferase, EC 2.6.1.1) activities the Spectrophotometric methods have important advantages over cplorimetric procedures. Examining the influence of temperature and other reaction conditions on the measurements of alanine aminotfansf erase and aspartate aminptransferase activities by the coupled kinetic method we have observed that the sort of auxiliary enzymes used is very important (1, 2) . Recently standard conditions for the estimation of enzyme activity were presented (3) (4) (5) (6) . In these recommendations exact data for the concentration of auxiliary enzymes were given, but nothing was said on the quality of auxiliary enzymes. The aim of this study is to show that it is also necessary to give precise data for the quality of auxiliary enzymes used in spectrophotometnc methods for estimation of aminotransferase activities.
Methods and materials
Kinetic measurement of enzyme reaction velocity was performed at 37°C on an LKB Reaction Rate Analyzer 8600. Unless otherwise stated the final concentrations in the test mixture were 100 mmol/1 Tris/HCl buffer pH 7.4, 200 mmol/1 ,-aspartate or 400 mmol/1 /,-alanine, 0.18 mmol/1 NADH and 12 mmol/1 2-oxoglutarate. The reaction mixture for determination of alanine aminotransferase activity contained, per liter, 2000 U lactate dehydrogenase ( ,-lactate: NAD oxidoreductase, EC 1.1.1.27), for determination of aspartate aminotransferase activity 1000 U mälate dehydrogenase (L-malate: NAD oxidoreductase, EC 1.1.1.37). In incubations with pyridoxal-5'-phosphate the coenzyme was added in the concentration of 200 / . The reaction was started by addition of 2-oxoglutarate. The total volume was 1.5 ml including 0.2 ml water in place of serum to achieve the same conditions as for the assay in routine analysis. The activities were measured by continuous monitoring of the reaction rate for 5 minutes. Therefore, the rate of this change per minute if multiplied by the factor 1206 gives the apparent aminotransferase activity in U/L Duplicate assays were performed and the data given are the means of the duplicates. The standard deviation was estimated by duplicates using the following equation R = difference between duplicates, m = number of 
Results
A source of error in the spectrophotometric measurement of aminotransferase activities is due to spontaneous decomposition of NADH in the reaction mixture. This spontaneous decomposition was measured over a time of 15 minutes. The apparent enzyme activity was of small range (tab. 2). In further experiments the spontaneous decomposition of NADH was taken into consideration.
The reaction mixture containing only water in place of serum showed an apparent aminotransferase activity with all lactate dehydrogenase and malate dehydrogenase preparations used as auxiliary enzymes. It was found necessary to add 2-oxoglutarate for yielding this blank activity. Omitting 2-oxoglutarate from the reaction mixture the observed activities do not exceed the activities listed in table 2. The source of error in the measurement of aminotransferase activities could lie in an impurity of auxiliary enzymes, for example a contamination Tab. 2. Spontaneous decomposition of NADH in the reagent.
All reagents contain 0.18 mmol/1 NADH but not 2-oxoglutarate with glutamate dehydrogenase (i-glutamate: NAD(P) oxidoreductase, deaminating, EC 1.4.1.3) or with aminotransferase. These activities are referred to as "contaminating activities". Another possible cause of this blaiik activity is the reaction of lactate dehydrogenase and malate dehydrogenase with 2-oxoglutarate. In the following this will be called "additional activity". In our experiments we have attempted to differentiate these sources of blank activity.
Studies on the relationship between apparent activity and the concentration of 2-oxoglutarate are shown in figures 1 and 2. Under these conditions the activity depends upon the concentration of 2-oxoglutarate, especially for the malate dehydrogenase preparations 1 and 2 and lactate dehydrogenase preparations 3 and 4. It is noteworthy that every preparation of lactate dehydrogenase and malate dehydrogenase yielded a 2-oxoglutarate activity as additional activity.
In subsequent experiments we measured the contaminating activities by increasing the amino acid concentration. As shown in figure 3 , lactate dehydrogenase preparations 1 to 4 showed an increase in activity with increasing concentrations of alanine. Little effect could be found in lactate dehydrogenase preparations 5 and 6. When the dependence of activity on the concentration of aspartate was examined, the three preparations were found to behave differently ( fig. 4) . The rnalate dehydrogenase preparation 1 showed a saturation by low concentrations of aspartate. The malate dehydrogenase preparation 2 was also saturated by low concentrations of aspartate and it showed an inhibition by 200 mmol/l aspartate. On the other hand, preparation 3 is remarkably stimulated in relation to the concentration of aspartate.
Another series of experiments was undertaken to test the influence of (NH 4 ) 2 S 4. As shown in 
Discussion
This investigation was carried in view of the introduction of standardized methods for the estimation of enzyme activities in the clinical chemistry practice in many countries. All publications (3, 4, 5) recommend methods that use optimal concentrations of substrate^, cofactors, and buffers. The methods cited for measuring alanine aminotransferase and aspartate aminotransferase activity do not include detailed recommendations for the quality of indicator enzymes (3, 4, 5) . It is surprising that the influence of auxiliary enzymes on the spectrophotometric measurement of alanine aminotransferase and aspartate aminotransferase activities has received little consideration hitherto (8, 9) . There are many possibilities of error in measuring the aminotransferase activities with the UV-test. One of these is the reagent blank activity we have observed in all lactate dehydrogenase and malate dehydrogenase preparations. This reagent blank activity is the sum of additional activity and the contaminating activity and is much too high compared with the reference values. The upper limit of the normal range of aspartate aminotransferase activity is 35 U/l and of alanine aminotransferase activity 33 U/l in females and 49 U/l in males (10).
It is possible to separate both activities from each other by different reaction mixtures (additional activity: reaction only with 2-oxoglutarate; contaminating activity: the activity in complete reagent mixture minus additional activity). With respect to the first activity, it should be noted that both enzymes -lactate dehydrogenase and malate dehydrogenase -react with 2-oxoglutarate (11, 12) . Therefore, lactate dehydrogenase and malate dehydrogenase preparations also show activity for the conversion of the 2-oxoglutarate in addition to their own substrates pyruvate and oxalacetate. this activity increased when the 2-oxoglutarate concentration was increased. In contrast to our results Lott et al. (9) did not find a blank activity when alanine was omitted from the reagent mixture for measuring alanine aminotransferase activity.
Comparing the additional activities of lactate dehydrogenase preparations, we can see that the additional activity of lactate dehydrogenase from heart exceeds the additional activity of lactate dehydrogenase from the muscle. After we had terminated our experiments Chang & Chung (8) published their studies. They also found higher hydroxyglutarate dehydrogenase activities from heart than from muscle and suggested that the pattern of lactate dehydrogenase isoenzymes in any particular sample affects significantly the determination of alanine aminotransferase activity. Further we found different properties in preparations of the same origin (heart, muscle) but from different manufacturers. It seem to be important that the technology of production of auxiliary enzymes influences the additional activity of auxiliary enzymes. This conclusion is especially confirmed by measuring the additional activity of malate dehydrogenase preparations in the spectrophotoinetric assay of aspartate aminotransferase activity. All three preparations were taken from bovine heart but the additional activities vary significantly ( fig. 1 ).
The additional activity is an inherent problem of all coupled enzymatic determinations using lactate dehydrogenase and malate dehydrogenase as auxiliary enzymes and 2-oxoglutarate as substrate. Recently, a recommendation of standardized methods for measurements (13) proposes the addition of lactate dehydrogenase for the determination of glutamate dehydrogenase in serum.
With this addition of lactate dehydrogenase the preincubation time can been shortened, but the additional activity of lactate dehydrogenase. with 2-oxoglutarate must taken into consideration. There is a definite possibility of a significant error because normal values for glutamate dehydrogenase activity do not exceed 3-4 U/l (14) .
Contaminating activities must also be taken into account as a further source of error. We did not find glutamate dehydrogenase activity except in lactate dehydrogenase preparation 3. The results obtained by varying the alanine and aspartate concentrations show that the activity of aminptransferase in lactate dehydrpgenase and malate dehydrogenase preparations behaves similarly to alanine aminotransferase and aspartate aminotransferase in serum (1,2). In the recommendations for the standardization of enzyme activity measurements (3,4, 5) we lack the exact data for blank activity of reagent mixtures. In the future it should be possible to produce the auxiliary enzymes in a more pure form and to diminish the proportion of contaminating alanine aminotransferase and aspartate aminotransferase activity in lactate dehydrogenase and malate dehydrogenase preparations. Even then the problem remains of additional activity with 2-oxoglutarate. We propose that blank determinations should be performed and the value of the blank activity subtracted from the total activity of the serum activity determinations. We think that the problem can be solved in this way arid that this procedure should be included in the recommendations.
Recommendations for standardization of aminotransferase activity measurements (3, 4, 5) do not take into consideration the presence of pyridoxal-5'-phosphate in the reagent mixture. The reference method of IFCC for aspartate aminotransferase activity measurement (15) includes the addition of 100 / pyridoxal-5'-phosphate. This is of great interest because all malate dehydrogenase preparations contained a very large amount of apo-aspartate aminotransferase, as shown by the measurement of the blank activity with pyridoxal-5'-phosphate in the reaction mixture (tab. 4). The apo-alanine aminotransferase activity in lactate dehydrogenase preparations was small. For normal use, the concentrations of pyridoxal-5'-phosphate lies at about 12 nmol/1 in the reaction mixture because the level of pyridoxal-5'-phosphate in the serum is 90 nmol/1 (16). 12 nmol/1 pyridoxal-5'-phosphate stimulates apo-aspartate aminotransferase activity over a small range. Our studies indicate that it is necessary for a standard recommendation of enzyme activity measurement to define the quality of auxiliary enzymes and to place the problem of blank activity on a sound basis.
